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CHAPTER 
HEPATIC TRANSPLANTATION 
Thomas E. Starzl, Ph.D., >ID. 
. . . cven ibolntetl successes in tllis ficsltl may I,t, more important 
than a large wries of negative findinp. They can help in the 
analysis of the problen~ of homoplaxtic transplantation, and the 
question is no longer of the possibility of the *t~rcessful survival 
of I1omop1;rstic grafts, but of tile condition5 \vhich this entails. 
1'. N.  Sl~amoc' 
Despite the use of any or all of the thera- attention 'to those similarities and differences t 
peutic measures no\\. available, manv patients bet\veen experimental animals and man. 
with li\.er disease cannot be effecti\.ely treated. 
Children \vith intrahepatic biliary atresia, end- THE HOlIOGRAFT IN UNTREATED DOGS 
stage cirrl~otic patients, and those with un- 
resectable hepatic malignancies have no hope Requiremeilts of Surgical Technique 
of cure. Tlreir requirement is theoreticall>. rim- Historically, knowledge of whole-organ liver 
pie. They all need a nerv liver, an hepatic transplantation is of recent development. 
homograft, llsllally in n.itll exci- Goodricb and his associater4 published the first 
sion of their otvn diseased organ. detailed studies of canine hepatic homotrans- 
Direct tl~ollgll this concept may be, the plantation in 1956. \\'orking without any pro- 
actllal of liver replacement is l~ision for protection of the liver from ischemia, 
and it is possible that they transplanted it to the pelvis of recipient 
the scope of the problem has not yet even been nnimals Four years later, Moore and Starzl 
fully delineated. Nevertheless. there are rea- and their associatesx1" reported extensive 
sons to hope that hepatic homotransplantation studies of hepatic homotransplantation with 
may soon become practical. In this excisio~l of the dog's owrn liver and orthotopic 
the principles of hepatic transplantation mill placement of the graft. 
first be recollnted as the)' haye heen defined in The actual installation of a hepatic homo- 
laboratory studies, both in untreated animals graft in\ol\'es the application of well-estab- 
and in those provided with immunosuppres- lished airgical techniques. The recipient liver 
sive therapv. Then, the clinical application of is excised with ease, providing the portion of 
this procedure in five patients \\.ill be de- the inferior rena cava which passes through 
The last experience, altllougll ulti- and bellind the liver is included with the speci- 
~ l l l r l l ~ ~ e s s ~ ~ l ~ ,  has ser\~ed to men. Sinlihrly, insertion of the homograft is 
clearer inrigllt into the problenl and to direct not a difficult technical exercise, involving as it 
does onl!- anastomoses of multiple vascular 
" Sllalllov, \'. S.: l lomol)l;~~tic Tri~n\~)l;~ntation f and provision for internal biliarv 
t l ~ c  Bocl? Tisstles. Experimenti~l Jledicinc. page 7 ,  
F;ie\,. 1936. drainage by cholecystenterostomy ( Fig. 12-1 ) 
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HEPAZ'IC TRASSPLANTATION 
Fig. 12-1. Technique of canine hepatic transplantation. A. Donor liver ready for transfer. Note that 
the aorta, celiac axis, and hepatic alter! are removed in continuity and that the segment ot it~ferior 
vetla cava behind the li\.er is part of the homograft. B. Recipient becl \vith liver removed. Portucnval 
shunt has been performed. C. Homoyri~ft in place. The portacnvul shunt is r~sually taken do\v11 at~d 
the portal and caval defects are repaired. i FI.OIIZ Starzl i3t al., by pcr~nission of Srtrg. Gynec. G 
Ohst., 111:733, 1960.) 
or by choledochocholedochostom~~. The arte- transplantation. Inadequate diversion leads to 
rial blood supply can be reconstituted, either sequestration of l>lood in the splanchnic and 
with an end-to-end hepatic arterial anastomo- i~iferior vena ca\.al drainage beds, resulting in 
sis or by in-continuity remo\~al of the donor liypotension and the invariably lethal compli- 
aorta, which is then attached to the side of the cation of hemorrhagic gastroenteritis. 
recipient midabdominal aorta ( Fig. 12-1 ), Outflow from the stagnant venous pools is 
thereby avoiding the necessity of a small-\.essel accomplislied with external shunts of sili- 
anastomosis. conized plastic tubing. The two venous sys- 
Nore specific problems have, hon.e\*er, lim- tems can be decompressed individually with 
ited the rate of success with \vhicli experimen- bypasses running from the portal (\,ia the 
tal hepatic homotransplantation has been per- splenic) \rein and the inferior vena cava (via 
formed. The first of these invo1t.e~ provision the fernoral \.ein\, respectively, with rostra1 
for egress of blood from the large venous pools insertion of the trlbing into the jugular veins. 
drained by the portal vein and the inferior \\'e have found, lio\\.ever, that it is often more 
vena cava, since these vessels must be oc- expedient to perform temporary portacaval 
cluded during recipient hepatectomy and the anastomosis ( Fig. 1 2 2 )  convcrtirlg the 
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Fiy. 12-2. Decompression of the portal and \.en3 
ca\.nl 5)sterns. \I-hicll ha1.e been connected \\.it11 n 
port,lc.~i\ a1 a~~nstomosis. .in external b!-pass is in- 
>el-tetl l'1.om the ten~oral \-ein to the external i11gr1- 
1:ir \ ein.  c FIOIII Starz l  ct 01. .  b y  ~~c>rt~~issioti of 
51tr :r .  Gy11c.c. C- Obst.. 111~733, 190.)  
splanchnic and s!.sten~ic s!.stems into a com- 
mon \.enous pool, and then to use a single b!.- 
pass to connect the inferior vena cava to the 
jugular s!.stem. .After completion of the trans- 
plantation, the temporary portacaval anasto- 
n~osis ma!. be taken down, wit11 lateral repair 
of the respective vessels. 
-4 second specific requirement involves the 
protection of the homograft from the effects 
of ischemia during its removal and transfer. a 
problem \\-hich is treated in detail further on 
in tl~is cllaptcr. under "llethods of Homograft 
Prr~scl.\.ation." .it present, it is sufficient to sa!. 
that thtl cnlline li\.er is so esquisitely sei1siti1.e 
to totill nuosia that deprivation of its blood 
suppl!. for more than 20 or 30 min in a nor- 
mothermic state leads to irreversible damage. 
Once instituted in dogs, tlre injurv follows an 
inesoritbl!. fatal and species-specific coursc. 
-4cute \.ascular changes occur, probably con- 
sistins of spasm of postsinusoidal venous stop- 
cocks n.llich normally regulate outflow. As a 
consequence, blood can enter the liver but it 
cannot freely leave. The organ becomes swol- 
len a n d  purple, a syndrome referred to as "out- 
flolv block." Portal \.enous pressure mounts. 
Secondary hemorrhagic gastroenteritis follows, 
a terminal complication which cannot be ef- 
fecti\.ely treated at this time even with a per- 
n~anent portacaval shunt. Histologic sections 
of stich livers sho\v intense congestion and 
acute parenchymal injury (Fig. 1.3-3). Outflow 
b1oc.k does not occur in the human liver, at 
least not with the severity described for dogs, 
so that the recluircment for a perfectly pre- 
>e~.\-ecl homograft is probably not so stringent 
in clinical application as it  is in the dog. 
Because of the prominent role of acute 
\-asci~lar eaction of the hepatic vascular bed 
in tlie determination of success or failure, the 
possibility \\.as investigated of reconstituting 
tlie vascular supply of the graft by alternative 
nlethotls. In some dogs, the nonhepatic 
splanchnic flow was permanently diverted to 
the inferior vena cava, as with an Eck fistula 
(Fig. 1-7-4B). In others, a reverse Eck fistula 
Ivas employed, with consequent augmentation 
! i
of the \.ellous component of hepatic blood flow 
(Fig. 12-4A). Although survivals could be ob- 
tained ~vi th  these modifications, the best re- ; 
suits n-ere obtained with restoration of normal 
venous path~vays (Fig. 1Z4C ). i 
T11c Course in Dogs with 
C-t~treated Hepatic Homografts 
-4nimals receiving a well-preserved homo- 
graft frequently enjoy remarkably good health 1 
for the first f e ~ 7  days after operation. They 
awake promptly from barbiturate anesthesia 
and can eat within 48 hr. Serum bilirubin, 
I I.
alkaline l~hosl~hatase, and glucose levels are 
nor111al. Stools are brown. Bile can be collected 
from intl\velling choledochal drainage tubes. 
Kukral- has demonstrated that hepatic pro- 
Fie. 12-3. Histologic changes in hepatic outflow block. A. After 10 hr, showing dilated sinusoids, con- 
gestion. and moderate loss of parenchyma. B. Another homograft after 36 hr. Xote congestion and 
disorg;~nization of architecture (hematox1;lin and eosin, X.240). (From Starzl et a/., by permission of 
Srrrg. Cyncc. C- Obst., l l l : i '33,  1960.) 
tein synthesis is normal or above normal direct or conjugated component. The early 
during this period. biochemical picture is thus quite indistinguish- 
By the third to fifth day, however, evidence able from that seen in obstructive jaundice, a 
of rejection invariably develops. Bile produc- sequence that may be relevant in considering 
tion ceases. Stools become clay-colored. The the mechanisms of rejection, as will be dis- 
urine turns dark and contains large quantities cussed later. .At a somewhat later time, a 
of bilirubin. Serum alkaline phosphatase and tendency to hypoglycemia is observed (Fig. 
bilirubin levels rise rapidly ( Figs. 12-5, 1.7-6 ) , 12-7), this usually being a preterminal finding. 
the principal fraction of the latter being the Although the onset of rejection in dogs fol- 
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2 5 8 
Days after laver tronsplantat~on 
Fig. 12-3. .ilkc~line phosphatase levels in eight 
~~ntreateti clogs \\.ho recei\.ed hepatic homografts. 
Sote miulecl rise after fourth day. i Front Starzl 
czt (11.. ~)orinis~ioil of Srrrg .  Gyitc'c. 6+ Obst., 
112: 13-5, 1961.) 
]o\\.s transplantation at a very constant in- 
t e r~~a l ,  there is great variation in the subse- 
cjuent severity and rapidity of the process. 
\lost of the animals die within 2 to 5 days after 
the appearance of jaundice, but suwival for as 
long as 31.5 and 35 days has been observed by 
us in thr~ r~ntreated animal. In one such dog, 
v 
there \\.as evidence of partial spontaneous 
reversal of well-established jaundice ( Fig. 
12-5 ). 
Similarly. there are variations in the severity 
of the pathologic alterations, which are not 
plantation. Thus, some homografts have good 
1xcser\.ation of architecture even after 10 
(lays, and others have almost total destruction 
at t!iis tiint.. Nevertheless. it is possible to re- 
construct the serial histologic changes of the 
liver liomograft which is under immunologic 
attack. 
The first alteration consists of a mononuclear 
cell infiltrate in the periportal areas (Fig. 
12-9A ) , consisting chiefly of small lymphocytes 
and plasma cells. Frequently, microscopic col- 
lections of bile are also observed at this time, 
suggesting intrahepatic biliary cholestasis. The 
degree of functional derangement may be well 
advanced at a time \vhen these histologic 
changes are still minimal. At a later stage, loss 
of hepatocytes is prominent, in addition to 
accentuation of the mononuclear infiltr a t '  ion- 
the parenchymal loss being concentrated at 
the periportal and centrilobular areas (Fig. 
12-9B). In its most advanced form, disruption 
of architecture is so complete that only a few 
remnants of recognizable liver tissue are left, 
lost in a sea of lymphocytes, plasma cells, and 
debris ( Fig. 1.3-9C ) . 
These histologic changes are comparable to 
that observed in other tissues, \\lit11 t::e initial 
round-cell infiltration and later parenchymal 
loss, in accordance with the classical ce l l~~lar  
concept of homograft rejection. Certain ob- I 
servations, however, permit speculation that 
dependably related to the time after trans- an additional related or even independent 
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0 0  Days after lover transplant 
3 3 0 d 5 5 e 
Days after l ~ v e r  tmnrplantat\on 
Fig. 12-7. Fasting blood sugars (dots) in 10 dogs 
which received hepatic homogrnfts without im- 
munosuppressive therapy. Solid line connects av- 
erage values for each day. Note that severe hypo- 
glycemia sometimes developed as early as the 
fourth day. (From Starzl ct al., by pcrmission of 
Surg. Cynec. 6+ Obst., 112:135, 1961.) 
vascular mechanism may play an  important 
role in tissue repudiation in general, and may 
in particular explain some of the phenomena 
encountered in hepatic homotransplantation. 
For example, very severe functional derange- 
ment in renal a n d  pulmonary as well a s  he- 
patic homografts is often observed even 
Fig. 12-8. Blood sugar and bilirubin levels il l  clog 
which lived 20.5 days after hepatic homotrnns- 
plantation without immunosuppressi\.e therapy. 
Note spontaneous improvement in chemistries 
after the eleventh day. The dog ultimately died of 
rupture of the arterial suture line. (Front Stcrrzl c* t  
(11.. by permission of Srrrg. C y n c ~ .  L- 0b.r.t.. 
112:135, 1961.) 
though histologic alterations a re  minimal or 
even absent. Working with pulmonary trans- 
plants, Barnes e t  al.' drew attention to the 
fact tha t  rejecting lungs often appeared to 
have suffered a sudden v a s c ~ ~ l a r  calamity. De- 
terioration of renal homotransplant function in 
many cases follows a pattern consistent n.ith 
that  of ischemic injury. Ramos e t  al." have 
Fig. 12-9. Stages ill rejection of hepatic homogrnfts in dogs not treated with immunosuppressi\e ther- 
i~py. A. Earliest finding of focal periportal round-cell infiltrate. B. Beginning purench!.mul destruc- 
tion. Note increased numbers of focal and diffuse mononuclear cells. C. Advanced rejection. sho\vi~~g 
ulmost total obliteration of normal architecture (hemutoxylin and eosin stain, ~ 8 0 ) .  (Front Sturzl 
ct al.. 6y permtssion of Strrg. Gyrlec. 6+ Obst., 112:135, 1961.) 
shown that circulating antibodies active 
against small blood vessels are present within 
a few hours after esposure of cardiac homo- 
grafts to the host. Finally, 1loore"as demon- 
strated in dogs that large areas of parenchyma 
in the rejected li\.er are frequently devascu- 
larized at the time of the rejection. 
It  seems reasonable to believe that these ob- 
servations have a related explanation with all 
tissues. It is necessary only to envision a com- 
mon imn~unologic reaction in which the small 
vessels are the target, as described by Edger- 
ton, Peterson. and Edgerton" in studies on 
skin grafts. Tlie cell infiltrations \vllich tend to 
concentrate at tlie portal triads. the humoral 
rejection substance recently described by 
Xajarian,'" or still other unknown factors 
could each be the responsible agents for im- 
pairment of blood flow at the time of rejection. 
No matter what the explanation, an early 
Fig. 12-10. Preparation of donor liver in the dog. 
Essanguinntion from the aorta is carried out co11- 
comit;mtl>. \\.ith intraportal infusion of chilled lnc- 
tated Ringer's solution. ( F r o r ~ ~  Sturzl et a[ . ,  by 
pc~rrnissior~ of S ~ r r g .  Gynec. G Obst., 111:733, 
1960. ) 
arteriolitic lesion could conceivably result in 
selective damage to the intrahepatic biliary 
collecting system, with the consequent early 
development of biochemical changes simu- 
lating obstructive jaundice. 
SIETHODS OF HOMOGRAFT 
PRESERVATION 
In animal work, the most effective method 
of homograft preservation has been with a 
simple technique of hypothermia. The donor 
animal is cooled to 30°C before operation. The 
li\,er is prepared for removal, and while it is 
in sitrr,  chilled lactated Ringer's solution is 
infused through the portal vein as the animal is 
essanguinated ( Fig. 12-10). A liver prepared 
in this nay  can tolerate 90 to 100 min of total 
ischemia with subsequent good function. 
Other techniques involving arterial infusion 
and pump perfusion are less satisfactory. 
This simple method of hypothermia, satis- 
factory though it is for animals, is not practical 
for clinical use. The opportunity to procure a 
human donor who has been cooled prior to 
death would be unusual. In addition, the time 
necessary to remove the recipient to the oper- 
ating room and prepare him for removal of his 
own liver ~vould almost inevitably exceed the 
1, hr which is the outside limit of ischemic 
tolerance in dogs. In order to improve the 
quality of cadaveric tissue which could be ob- 
tained for transplantation and to extend the 
time limitations imposed by the previously de- 
scribed techniques, a method for hypothermic 
postmortem perfusion of the donor was devel- 
oped. 
As soon as possible after death, catheters are 
inserted through the femoral artery and vein 
into the aorta and inferior vena cava and at- 
tached with a system of gravity venous return 
to an extracorporeal circuit ( Fig. 12-11 ) . The 
reservoir perfusate is 5 per cent glucose in 
n.ater to which 200 mg heparin and 1 Gm 
procaine chloride per liter is added. \Vith the 
first surge of the perfusion fluid from the 
pump, the corpse is heparinized. With the ad- 
dition of a heat exchanger to the circuit, the 
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nique has always sustained moderately severe 
isc!lemic damage by the time of its revnsculari- \ zation, and differentiation of this injury from 
that of rejection is important in planning post- 
operative therapy. The characteristic biochem- 
ical alterations specifically related to the use 
'or+iC of the cadaveric liver are acute rises in serum 
gl~itamic oralacetic acid (SGOT) and more 
delayed elevations of bilirubin level (Fig. 12- 
12),  changes not observed with the more 
rapidly performed method of transplantation 
previously described (Fig. 11-12). The in- 
crease in SGOT is transient. The bilirubinemia 
lasts for several days. 
This means of preserving cadaveric hepatic 
homografts has been used five times in human 
cases-and functioning transplants have been 
obtained in four. The time from death to re- 
The interval was 420 min in the unsuccessful 
rhagic diathesis. The liver had evidence of ex- 
tensive autolysis (Fig. 12-13). 
cadaver can be chilled promptly. Flow rates of 
30 to 60 ml/kg/min are used. The body tem- 
perature is lowered to 10 to 202C. Selective 
perfusion of the abdominal organs is obtained s c o ~  '" 
by cross-clamping the lower thoracic aorta. If 
the perfusion is long, it is necessary intermit- 
tently to add blood, plasma, or electrol!.te solu- 
tion in order to maintain an adequate venous 
This technique of in situ perfusion affords a 
high degree of protection to the visceral or- 
gans. canine kidneys can be preserved for as Fig. 11-12. Biochemical patterns oE injury in dogs 
observed following transplantation of a hepatic long as lo hr after death and then trans- homograft obtained from a perfused cadaver For 
planted, \vith satisfactory renal function. The contrast, the course of an allimal receiving a liver 
period d u r i n ~  which hepatic tissue can thus immediately after sacrifice of a living canine donor 
be stored after death is much shorter, tllk is included. For the cadaveric organ, total time 
maximum permissible period being approx- from death to reimplantation was 1.10 mill, as com- 
pared to 55 min in the graft transplanted immetli- imately 4 hr in dogs. 
ately after sacrifice. Note that the cudaveric organ 
Despite the utility of hypothermic perfusion, functio~ls imperfectly. (From Aiorcliioro ct al., 
the cadaveric liver obtained with this tech- by permission of Surgery, 54:900, 1963.) 
270 SURGICAL DISEASES OF T H E  LIVER 
Fig. 12-13. Case 1. A .'atient's own liver. showing advanced biliary cirrhosis. This three-year-old child 
I 
had congenital atresia of the bile ducts. R. Appe;nr:unce of homotransplanted liver a t  autopsy, per- 
formed 12 hr after death. The patient essunguinated on the operating table, 4 hr after revascul;~ri- 
zation of the  homograft. Note extensive nutolysis (hematoxylin and eosin stain, ~ 3 2 ) .  From Sturzl l 
et al., by permission of Surg. Gtjnec. G Obst., 117:659, 1963.) 
THE FATE OF HOSlOGRAFTS IN DOGS prevent  rejection. In some animals, it is possi- 
WITH IJfMJNOSUPPRESSIVE THERAPY ble  t o  p revent  a l together  the deve lopment  of 
The invariable events  that transpire after abnormalities in liver funct ion tests. In others, 
hepa t ic  homotransplantat ion t o  the unt rea ted  derangements  of  SGOT, alkal ine phosphatase,  
dog have been described. T h i s  sequence  c a n  a n d  bilirubin levels can be reversed (Fig. 12- 
be remarkably  al tered if measures  are taken  to 14 ) . 
Table 12-1. HVIIAS LIVE11 TR.\SSI7L.ISTS 
1)onor 
death Recip. 
Age Bloodtype to sur- Causeof Cause of 
1)ste of revs.,  vival, recipient's donor's 
So. 1)onor Rerip, transplant Disease 1)onor Recip. min. days death death 
- - -  
1 3  3 3-1-63 Biliary atresia 
2 55 48 5-5-63 Cirrhosis and 
1nepatom:r 
3 GD 67 G24-63 Cholangio- 
carcinoma 
1 73 52 7-16-63 Cirrhosis and 
hepato~na 
5 64 9 10-4-63 Cirrhosis and 
he pat om:^ 
A +  .I+ 4'10 0 Operative 
hemorrhage 
A+ I 1 22 Pulmonary 
emboli 
0- C)+ 102 754 Pulmonary 
emboli; GI  
bleeding 
0+ 1- 174 6% Pulmonary 
emboli; conges- 
tive heart 
failure 
0+ (I+ 164 23 Common duct 
necrosis and 
bile peritonitis ; 
rejection?; 
hemorrhagic 
diathesis 
Cardiac arrest 
a t  operation 
Terminal hrain 
tumor 
Stroke 
Coronary 
GSW, head 
(suicide) 
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0- HH-4  anisms contrihtrte to gastric hypersecretion 
BILIRUBIN , SURVIAL- 31 OAYS - during the phase of threatened rejection. 
rngm % 
- Earlier eftorts to prevent rejection of hepatic 
ALKALINE " homografts bv total bodv irradiation \!.ere 
PHOSPHATASE 5 -  completely rinsuccessfrll.  he basic therapy 
now used conslsts of azathiopnne ("Imuran," 
Burroughs Wellcome, 57-322) administered 
daily in a dose of 3 to 10 mg/kg (Fig. 12-11). 
During the early postoperative period, the 
8 drug is given in an intravenous solution; 
1: change to the oral route is made when alimen- 
tation is resumed. The quantity is guided by 
biweekly white blood counts, and doses are 
selected which do not cause leukopenia (Fig. 
12-14). If rejection develops despite this treat- 
ment, 100 mg prednisolone per day is added 
and later slowly withdrawn as there is reversal 
of the process. As will be described, actinomy- 
, cin C has also been used in the clinical cases, TIME IN DAYS-. but it has not been evaluated in the laboratory 
Fig. 12-11. Course of dog which received immuno- since it was unobtainable at the time of these 
suppressive therapy after hepatic homotransplan- studies. 
tation. Note that jaundice occurred only termi- 
nally. The animal lived for 31 days. The SGOT HUMAN LIVER TRANSPLANTATION 
arid alkaline phosphatase levels manifested cyclic 
changes suggestive of parenchymal injury, but There have been six attempted human liver 
the elevations in SGOT and alkaline phosphatnse homotransplantations, five a t  the University of 
were reversible. The dog died of a large perfor- Colorado Jledical Center and the by D ~ .  
ated gastric ulcer. Francis D. Sloore%t the Peter Bent Brigham 
Hospital in Boston. Although the maximum 
Nevertheless, animals with heaptic homo- postoperative survival thus far has been lim- 
transplantation have not survived for longer ited to 23 days, experience with these cases 
than 35 davs with the use of immunosuppres- suggests that such an operation will eventually 
sive therapy. Even when the rejection process be feasible. The remarks which follow are 
is entirely controlled, late deaths from perfora- based primarily upon elrperience with the five 
tion of the stomach and duodenum or from cases treated in Denver. 
gastrointestinal hemorrhage have almost in- 
variably occurred. The reasons for this are Donor 
probably three in number: ( 1 )  prednisone. a From information already given, under 
drug which in high doses almost in\.ariably "hlethods of Homograft Preservation," it is 
produces gastrointestinal ulcerations in dogs, evident that a prime determinant of the out- 
is freely employed and is essential in the im- come is the quality of tissue provided and the 
munosuppressive regimen used by us: ( 2 )  the degree to which it has been damaged during 
method used for provision of internal biliary the agonal, or postmortem, period. Couse- 
drainage may contribute to ulcer formation in- quently, a cadaveric liver is suitable only un- 
asmuch as bile is diverted into the jejunum; der very special circun~stances in which good 
( 3 )  the increased incidence of ulcer diathesis circulation is maintained until shortly before 
in various hepatic diseases is well known, and death, ancl in a setting in which extracorporeal 
it is likely that similar pathophysiologic mech- perfusion may be instituted almost immedi- 
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ately thereafter. In the first patient treated by 
us, a three-year-old child with congenital 
biliary atresia ( Fig. 12-13A), failure to adhere 
to these precautions resulted in the use of an 
irrevers~bly damaged homograft, with conse- 
quent immediate failure. The transplant \vas 
obtained from another three-year-old child 
who died in the operating room during at- 
tempted removal of a third ventricular brain 
tumor. Cardiac massage was carried out for 45 
min before official pronouncement of death, 
and another 15 min was required before the 
perfusion catheters could be inserted. In addi- 
tion, an additional 330 min of perfusion was 
required before the recipient patient could be 
brought to the operating room and prepared 
by removal of his own liver for receipt of the 
new organ. Fatal hemorrhage ensued, and the 
recipient patient died 4 hr after restoration of 
the homograft blood supply. At autopsy the 
liver mas found to be estensively autolyzed 
(Fig. 12-13B ). 
The ideal donor is one in the terminal phase 
of a nonmalignant disease process. Patients 
with cerebral gliomas, massive strokes, or ex- 
tensive traumatic injuries of the central nerv- 
ous system are examples. In some of these dis- 
orders. part of the accepted treatment of the 
malady from which the patient is dying is 
total-body hypothermia and the prior utiliza- 
tion of this form of therapy is probablv of 
great coincidental benefit in postmortem tissue 
preservation. 
The utilization of cadaveric donors who 
have had a sudden death is probably not feasi- 
ble. In order to obtain prompt cadaveric per- 
fusion, it is necessary to have an entire team 
of surgical and supporting personnel present at 
the bedside at the moment of death. Permis- 
sion from the family must be obtained in ad- 
vance. Observations on hepatic function of the 
dying patient are essential. Moment-to-moment 
recording of urinary output during the final 
hours of life is of value in assessing the general 
circulatory adequacy of \.ital organs. Finally, 
preparation of the recipient patient must be 
begun several hours in advance. Thus. the 
most suitable candidates for cadaveric dona- 
tion are those in whom death is known, with a I 
reasonable degree of certainty, to be im- 
pending for several hours. 
Because of the special circumstances sur- 
rounding both the prospective donor and his 
family at this time, it is imperative that the 
transplantation team not be involved with 
terminal medical care. The physicians caring 
for the intended donor must continue their 
therapy up  to and including the ultimate 
certification of death without consideration of 
the events to follonr. Only after death can the 
transplant team insinuate itself. Their role is 
simply that of performing an immediate, 
rather than delaved, autopsy. 
From postrno;tem studies, it has been dis- 
covered that the vascular supply of the liver is 
almost never involved by atherosclerosis. Con- 
sequently, the influence of age on the quality 
of the liver homograft is not so great as with 
other organs such as the kidney. In our experi- 
ence, satisfactory livers have been obtained 
from donors as old as seventy-three years. The 
mode of death is the factor of greatest im- 
portance in obtaining sultable tissue. An aged 
patient dying under the circi~mstances de- 
scribed above \vould be preferable to a young, 
healthy one in whom the conditions of death 
I 
did not fulfil the general requirements cited. I 
In all age groups, it is necessary to enquire 
about drinking, previous jaundice, neoplasia, 
or chronic infectious disease. It is possible that 
prospective donors who have had a chronic 
debilitating disease with inadequate nutrition 
should be escluded. 
-4 special note should be made concerning 
the practice of seeking donors who have the 
same blood type as the recipient. With renal 
homografts, it has been found that the use of 
donors with different blood types is feasible, 
providing that the general scheme currently in 
use in blood banks is followed in which 0 is 
the universal donor and .4B the universal re- 
cipient. \\'ith livers. this type of mismatch may 
be dangerous. inasmuch as the liver is capable 
of er\dn-oclastic activit!? and may cause a 
graft-versus-host reaction manifested by auto- 
llenlolytic disease. This phenomenon has been 
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noticed bv us in canine and human stutlies of .it this time, it is determined that the vcna 
~t.hole-organ splenic. Ilomografts. In one case cava is free posteriorly from the level of the 
in the Denver ser:c- :)f liver transplants. an diaphragm to the entrance of the renal veins. 
Of  li\.er was transplanted to an .A+ recipient The liver is replaced in normal position, and 
\f.itliout demonstrablv l~armful effects. but for the structures of the portal triad are skeleton- 
the present, it \vould seem reasonable to re- ized (Fig. E-15C). The remaining gastrohe- 
strict transfer of hepatic tissue to matched in- patic ligament is divided, up to the diaphragm 
( Fig. 12-15C). The liver is now ready for re- 
moval. 
Selection o f  Recipients During the above-described dissection, the 
In the hepatic homotransplants performed cadaver is being continuously perfused. If the 
thus far. four have been performed r i -  dissection is completed before the recipient 
mary malignancies of the liver; the ti! IS room is ready, further manipulations are dis- 
for the treatment of congenital biliar! la continued. \Vhen a signal is received that all is 
(Table 1 2 1  ) .  In a sixth case, treated by in readiness, the liver is excised by transection 
\loore,:' the patient had a primary carcinoma of the vena cava a t  the diaphragm and just 
of the colon with hepatic metastases, the pri- above the renal veins, and by transection of 
mary lesion not being discovered until autopsy. the structures of the portal triad. Care is taken 
For the present. the practice of limiting this to leave long stumps of the latter structures, 
operation to patients with hepatic neoplasms the hepatic artery being incised below the 
appears to be justified, although the thera- origin of the gastroduodenal artery. Immedi- 
peutic indications would become greatly ex- ately after its removal, the specimen is infused 
tended if the operation should prove to be with chilled lactated Ringer's solution to which 
predictably successful. In general, hepatic procaine and heparin have been added (Fig. 
transplantation should be limited to those ~vith 12-150). It  is now ready for delivery. 
a single organ disease or failure. An operation 
of such magnitude will not be tolerated bv old Recipient Operution 
patients with concomitant disease of &her The initial steps for removal of the recipient 
major systems or with other important compli- liver are identical to those described for har- 
cations. vesting the donor organ (Fig. 12-154-C \ .  The 
ligamentous attachments of the liver are freed, 
The Donor Operation and all incoming and outgoing structures are 
The method of hpothermic perfusion of skeletonized. When it is ascertained that the 
cadavers was described in a previous section. donor organ is ready, the structures above and 
-4fter institution and stabilization of extra- below the liver are clamped and the diseased 
corporeal circulation, a thoracoabdominal ex- organ is excised. 
posure is made. The fundus of the gallbladder Just prior to occlusion of the portal vein and 
is immediately incised, and all bile is aspirated inferior vena cava, a siliconized plastic ex- 
in order to prevent autolysis in the extrahe- ternal bypass tubing is used to join the inferior 
patic collecting system. The falciform and tri- and superior vena caval systems, with insertion 
angular ligaments are incised ( Fig. 1>15=1), through the femoral and internal jugular veins, 
and the liver is retracted to the left, providing respectively (Fig. 12-16A 1. An additional ex- 
access to the portion of the vena cava behind ternal bypass was used in one case, passing 
the right lobe ( Fig. 1.3-15B ) . The right adrenal from the splenic vein to the esternal jugular 
vein and the other posteriorly directed tribu- vein (Fig. 12-16A), but in the subsecluent 
taries are doubly ligated and divided (Fig. cases, the splanchnic system was not decom- 
12-13B). The suprahepatic portion of the in- pressed and no harmful result was observed. 
ferior vena cava is then freed circumferentially. The problem of clotting in the bypass tube will 
lOiC czio iacratc,i R:npo.r 
wltll ! pram F l K J l n C  cn,orrdo 
Fig. 12-15. Steps in estirpation of both the donor and recipient livers. -4 thoracoabdominal incision is 
used for the recipient patient as well as for the cadaver. A. l l~bil iz~it ion of the falciform, triangular, 
and coronary ligaments. B. Dissection of the right lateral and posterior surfaces of the infenor 
cava. ligating the adrenal veins. After completion of this maneuver it is possible to s\veep the finger 
from the diaphragm to the renal veins without meeting resistance. C. Dissection of the structures of 
the portal triad and division of the remainder of the lesser omentum. D. Donor liver after removal 
from cadaver. Blood is washed from the donor organ by gravity perfusion through the portal \.ein. 
Sote the incision in the gallbladder, employed to prevent autolysis by entrapped bile during the in sitrc 
dissection of the donor liver. (From Starzl et al., by permission of  Surg.  Gynec. C- Obst., 11'7:639. 
1963.) 
b e  discussed more fully further on, under 
"Problems of Coagulation." 
Once the  liver has been removed (Fig.  12- 
16B) a n d  a bypass system established, anas- 
tomoses of the  various structures are  begun. 
The  upper vena cava is reconnected first, then 
the lo\ver vena c a w ,  thc  hepatic artery, t he  
l;ortal vein. and  the common bile duct, in that 
order. In performing the  upper vena caval 
anastomosis (Fig .  1.7-16C). it is necessary to  
exercise great care to prevent suture line leaks, 
particularly on the  posterior row. I n  order to 
achieve a reliably water-tight posterior wall 
anastomosis, a double-layer technique is used, 
everting the first suture line (Fig .  1.7-16C). 
No. 4-0 silk is used for both vena caval 
anastomoses; 5-0 or 6-0 silk is used for the lie- 
patic arter!. and portal vein (F ig .  12-160) .  
During the actual transplantation, close at- 
tention is paid to the  cardio\.ascular hemo- 
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dvnamics. In all but one patient, some degree 
of hypotension occurretl at this time, but the 
fall in blood pressure \\.as not alarming. 
The common duct is reconstructecl \vith a 
two-la!.er anastonlosis using fine catgut and 
silk. The T tube is placed through the distal 
portion of the composite common duct. wit11 
its upper limb extending through the choledo- 
chocholedochostomy ( Fig. 12-160 ) . Drains 
are then placed in tlie subhepatic space and 
the subphrenic spaces. and the \\rounds are 
closed after estraction of the T tube throt~gh a 
separate stab wound. 
In four of the five cases. the above-described 
procedure was clone in tnro stages. l \henci t  
became evident that a donor liver \vould 
shortly be available, the recipient patients 
were explored and the skeletonization of all 
structures entering and leaving the liver was 
carried out and the wound closed. With sub- 
Fig. 12-16. Technique of transplantation in the recipient patient. A. External bypasses used for 
decompression of the inferior vena caval and splanchnic venous beds. Decompression of the portal vein 
was found to be unnecessary pro\iding the caval bypass functioned satisfactorily and was of large 
caliber. B. Operiltive field after removal of the recipient patient's own liver. Note thnt the stumps 
are left as long as possible and that the hepatic artery is transected above the origin of the gastro- 
duodenal artery. C. .inastornosis of the inferior vena cava at the diaphragm. Note that the cuff of the 
homograft is actually a confluence of the hepatic veins and vena cava. The posterior row is performed 
in two everting la!-ers to ensure that no leaks occur in this area, which will be inaccessible for re- 
t pair after placement of the homograft. D. Subhepatic operative field at completion of all anasto- 
rnoses. Sote  thnt the gallbladder has been removed and that the T tube is inserted through a stab 
wound in the recipient portion of the composite common duct, with the upper limb passing through 
the anastomosis. (Frorn Starzl st al., by permission of Surg. Gynec. dr Obst., 117:659, 1963.) 
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sequent reexploration and definitive trans- ap!. may have potentiated the lethal delayed 
plantation, it was necessary only to apply complications of coagulation. 
clamps and remove the liver withoat the ne- In the last case, these clot-producing agents 
cessitv for a tedious dissection. Although the \\.ere not used. Instead, the patient \\?as given 
use of a staging procedure shortens the time 2 mg kg heparin during the time of installation 
necessary to prepare for receipt of the liver, a of the liver. No other drug therapy \vas pro- 
serious penalty resulted in one case in \vhich \-idcd. not even heparin-neutralizing agents 
the proposed donor recovered unexpectedly. such as protamine sulfate. The penaltv for this 
It was necessary to wait for 2 weeks before a was the necessity for the transfusion of 18 units 
homograft could be  obtained and by the time of blood. The reward was that this patient de- 
of the second operation, there were a number \.eloped no late intravascular coagulation. 
of annoying vascular adhesions. In the other On the basis of the e.xperience thus far ac- 
three cases, the delay between stages was less cumulated. the wisest course would appear to 
than 43 hr. be that of minimal iatrogenic alteration of the 
coagulation mechanism except for hepariniza- 
Problems of Coagulation tion at the time of the operation to p re~~en t  
In clinical hepatic homotransplantation, se- clotting of the bypass system. In spite of the 
rious aberrations of the coagulation mech- tendency for hemorrhage at this time, the 
anism became manifest. These had not been o\.erall welfare of the patient is least en- 
I observed in the canine studies. During the dangered bv accepting the immediate risk of 
. 
anhepatic interval, and for a short time after bleeding ii the hope of preventing delayed 
I restoration of the blood supply to the trans- con~plications of clotting. 
1 , ;  plant, there is a period of risk from hemor- 
. . 
, . rhage, characterized chiefly by rising quanti- Clinical Course 
, ties of fibrinolysins and by sharp falls in The first of the five patients died of hemor- 
i 
t plasma fibrinogen to levels as low as 30 rhage on the operating table. The other four 
i I mg/100 ml. \Vithin a few hours after the sun.i\.ed for 22, 7.5, 6.5, and 23 davs. They all 
1 .  homograft has been inserted, however, this awakened promptly and appeared to be in 
: I early ~ h a s e  is replaced by a period of h!per- relatively good condition. In all but Case 5, 
coagulability, which has lasted for selreral Izo\ve~.er, e\,idence of respiratory insufficiency 
days. During early convalescence, the euglob- sitbsequently developed, necessitating ventila- 
ulin lvsis time, which is used to measure fi- tory support a t  some time during the course. 
brinolvsin activity, becomes extremely pro- These three patients (Cases 2, 3, and 4 )  were 
longed, and in some cases fibrinogen levels also all found at autopsy to have multiple pulmo- 
rise sharply. The surgeon is thus confronted nary emboli (Table 12-1). 
with immediate problems of hemorrhage and .\cute upper gastrointestinal hemorrhage oc- 
with later problems of intravascular coagula- curred a t  some time during the course of all 
tion. the patients who survived operation. This 
In three of the four patients who suwived ranged from melena in Case 2 to massive hem- 
operation, the late hypercoagulability resulted orrhage from esophagogastritis in Case 3, hem- 
in formation of venous thrombosis in the ter- orrhage from a previously present duodenal 
minal vena cava and iliac veins, and all three ulcer in Case 4, and diffuse gastric and in- 
patients died either as a direct or contributing testinal hemorrhage in Case 5. Therapeutic 
consequence of multiple pulmonary emboli. In pstrectomy was performed at the time of the 
I these three cases, the patients \Yere given transplantation in patient 4, and a prophylactic epsilon amino caproic acid (EACA) and in- \ .a~otomy and pyloroplasty were done in pa- 
i travenous fibrinogen during the transplanta- tirnt 5 at the time of the first stage. 
tion to prevent or treat hemorrhage; this ther- The acute ischemic injury which follows 
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Fig. 12-17. Alterations in serum enzyme values 
following hepatic homotransplantation in Case 2. 
Sote high but transient rise in SGOT level. Levels 
of LDH and SGPT were similarly affected. (From 
Starzl et al., b y  pernlission of Srtrg. Gynec. C- 
Obst., 117:659, 1963.) 
transplantation of a cadaveric dog liver has 
already been described. Similar findings were 
also noted in all the clinical cases. Rises in 
SGOT level to 990 to 2,040 were seen on the 
day after operation. with rapid return to or 
to\vard normal within 24 hr (Figs. 12-17 and 
12-19). A somewhat more delayed increase in 
bilirubin level to 7 to 15 mg/100 ml follojved 
( Figs. 12-18 and 12-19 ). Reversal of the bili- 
rubinemia occurred 3 to 8 days postopera- 
tively. In three of the four patients who sur- 
vived operation, the improvement in hepatic 
function continued until the time of their 
death, from 6 to 21 days later. In the last case, 
however, steadv resolution of early jaundice 
was interrupted on the sixteenth postoperative 
day ( Fig. 12-19). The significance of this 
change is difficult to interpret because there 
later proved to be necrosis of the donor portion 
of the reconstructed common duct. with conse- 
quent biliarv peritonitis. 
Other parameters of hepatic function did 
not always follo\v an entirely consistent pat- 
tern. Hypogl!.cemia \vas never observed. Urea 
s!mthesis. estimated by calculation from uri- 
nary urea excretion, continued throughout the 
entire postoperative period. In three of the 
four patients studied, prothrombin times 
ranged from 40 to 100 per cent. In the other 
patient (Case 5 ) ,  the prothrombin time im- 
mediately after surgery was 20 per cent and 
remained a t  this level until shortly before 
death. In two of the four patients, serum 
protein levels were well maintained until just 
before death, and in two others there was a 
slow decline. 
-4 twenty-nine-year-old woman who sur- 
\-i\,ed for the longest time of any patient in the 
series is of special interest for several reasons. 
She received a very seriously damaged homo- 
graft. The donor from whom the organ had 
been removed was a sixty-four-year-old man 
who died of a self-inflicted gunshot wound of 
the head. He was hypotensive for several hours 
before death. and later analysis of a blood sam- 
ple drawn during the agonal period revealed 
an SGOT of 2,100 units and a serum bilirubin 
level of 1.9 mg/100 ml. Twelve hours after 
transplantation of the homograft, the recipi- 
ent's SGOT was 2,040 and the serum bilirubin 
le\-el was 3.6 mg/100 ml. Very severe jaundice 
o !  I 
-5 f 5 10 15 2 0  TIME IN DAYS 
Fig. 12-18. Early changes in serum bilirubin in 
Case 2. Sote that the early deepening of jaundice 
re\.ersed in the later postoperative period. (From 
S t c ~ r - 1  et al., b y  permission of Surg. Gynec. dr 
Obst., 117:659, 1963.) 
278 SURGZCAL DZSEASES OF T H E  LZ1.: 3 
PT. J. G. 
29x0 WT60*56ka 
P I C  T I  DAIS 4 5 7  TX DIII TIME IN DAYS 
Fig. 12-19. Liver function in Case 5, before and after the homotransplantntion of the liver. Sote evi- 
dence of ei~rl!. hepatic injury with later reversal. The immunosuppress:\.e regimen is also depicted. At 
.iutops\-. the patient \vas found to have necrosis of the donor segment of the common duct. 
de\.eloped during the next 7 days, to a masi- 
mum serum level of 45 mg/100 ml (Fig. 12-19). 
Prothronibin synthesis never returned to nor- 
mal. Le\.els of serum pyruvates and lactates 
\\.ere ele\.ated throughout most of the post- 
operati1.e period, especially during the last 5 
c1at.s of life. Total serum protein levels began 
to decline in this patient almost immediatel!. 
after operation, although the continuing loss 
of large quantities of fluid tliror~gh the drain 
sites made it difficult to establish if this was 
due to failure of protein production or to 
losses. 
LIespite the evidence of severely curtailed 
li\.er f~unction, the patient was able to walk 1,). 
the fifth postoperative day and spent most of 
tile nest 10 da!zs as a partial outpatient, visiting 
her home for 4 to 6 hr at a time. On the seven- 
teenth postoperative cia!., she developed sud- 
den abdominal pain and her condition deterio- 
rated, \vith secondary deepening of jaundice 
( Fig. 15-19 ) . Terminally, she became coma- 
tose and developed a diffuse, he~norrhagic dia- 
thesis. Final serum fibrinogen levels \{.ere 50 
to 70 mg/100 ml, and the prothrombin time 
\\.as 8 per cent. 
The immunosuppressive regimen used in all 
patients \\.as the same as that employed after 
a Ion. the performance of renal homotransplant t' 
The general details of therapy have already 
been described in connectio~~ with canine 
hon~otriulsplantation. In the h ~ ~ m a n  cases, 
nctinom!,cin C \vas also used. @\.en intermit- 
tently tlirougliout the postoperative period 
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centrilobular loss. 
Pathologic Studies Correlation of the patterns of liver function 
The cause of death in Case 1 was acute hem- with the subsequent histologic findings sug- 
orrhage, cairsed Ijy fibrinolysins and by hy11o- gests that the second, third, and fourth pa- 
fibrinogenemin. .it autopsy the liver \\,as found tients did not have rejection. In addition to 
Case 3, a similar cclmplication was proved, outcome is even less clear. In contrast to the 
although the brisk gastrointestinal hemorrhage others, this patient had interruption of improv- 
which had begun 4 days after operation was ing heptic function 5 clays before death. His- 
also an important cause of failure. In Case 4, tologic studies of the homograft showed a 
massive thrombosis of the mid- and terminal moderately severe loss of hepatic tissue, as 
portion of the abdorninal inferior vena cava well as the presence of periportal infiltrates 
was again noted, with multiple propagated (Fig. 12-20). In this case, there were more 
clots in the pulmonary arteries. This patient lymphocytes and a few plasma cells in this 
also had acute pulmonary edema at the time location. Similarly, it is not clear whether the 
of his death. which oc!curred suddenly 6% days necrosis of the common duct was a purely 
after operation at a time \\.hen his clinical technical failure or whether the rejection proc- 
condition appeared to be improving. ess contributed to late death of this tissue. 
Only in Case 5 was there absence of intra- 
vascular clotting. In this patient, the principal THE FUTURE OF 
HOMOTRANSPLANTATION abnormality Lvas necrosis of the donor portion 
of the common duct, \vith a large defect in In theory, the rationale for hepatic trans- 
the anterior \\.all through \vliich the upper plantation is not dissimilar to that which 
limb of the T tube protruded. There \vas applies to the homografting of kidneys. The 
l>iliarv peritonitis. additional difficulties imposed by an operation 
Although the hepatic homografts \rere all of such magnitude. however, make it unlikely 
prominent lobular pattern and pouted slightly. as the liver imposes another serious handicap. 
The livers from Cases 2 to 5 had certain Although the kidney is one of the vital or- 
common histologic abnormalities. In each in- gans, cessation or serious deterioration of its 
stance, there was some evidence of intra- function can be tolerated for several days or 
hepatic cholestasis, even though the biliary even many weeks. Dr~ring this time, temporary 
drainage system was mechanically satisfactory supportive measures can be carried out with 
in all brlt one. In the periportal region. there the use of renal dialysis technicjues. In apply- 
\\as a light infiltration of \vliite blood cells, ing the precepts extracted from experience in 
but these consisted principally of neutrophils renal homografts to the liver, the prospect of 
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Fig. 12-20. Li\-er specimens in Case 5. A. Recipient's own liver showing primary hepatoma (hema- 
tosylin and eosin stain. ~ 8 0 ) .  B. Homograft, 03 days after operation. shelving focal parenchymal in- 
filtrates and some loss of hepatocytes (hematoxylin and eosin stain, ~ 3 2 ) .  
acute temporary failure during rejection may grafts in the Dog, Transplantation, 1:351, 
be unacceptable, inasmuch as complete loss 1963. 
2. Brock, D. R., and Starzl, T. E.: Histopatho- 
I 
of function even for a few minutes could be of logic Alteratio,,s Associated a,ith the Trala- 
fatal consequence. At present, no artificial H~~~~~~~~~ D~~ L ~ ~ ~ ~ ,  ,rxpcr. G 
means are available by which the complex bfol. Path., 1:187, 1962. 
function of hepatic tissue can be performed. 3. Edgerton, Xi. T., Peterson, H. A.. and Ed- 
Perhaps this fact \\.ill promote development gerton, P. J.: The Homograft Rejection hle- 
chanism, A.fi1.A. Arch. Stcrg., 71:238, 1957. 
of better mechanical devices in the future q. Goodrich, E. 0. .  n.elch, H. F., Nelson, J. A., 
which could be used for interim therapy. In Beecher. T. S., and W'elch, C. S . :  Homo- 
the meanwhile, any hope of achieving con- transplantation of the Canine Liver, Surgery, 
sistent success with h e ~ a t i c  homotransplanta- 39:244, 1956. 
tion will depend on hevelopment of' more 5. Kukral. J. C.. Littlejohn. 51. H.. \f7illiams, 
effective \i7ays of tempering the vigor of the R. K., Pancner. R. J., Butz, G. \V., and Starzl, T. E.: Hepatic Function after Canine Liver 
rejection process which threatens the continu- Transplantation, A . ~ l . A .  Arch. 85: 15;, 
ous function of all vascularized homografts. 1962. 
The principal value of the clinical e:veri- 
ence thus far obtained by us and by hloore has 
been to highlight additional problems which 
must now be further attacked in the labora- 
tory. It seems inevitable that hepatic homo- 
transplantation \\rill eventually be successful, 
but not until further controlled information 
becomes available on more effective applica- 
tion of immunosuppressive therapy. Until such 
time, further clinical trials will continue to 
be purely investigative and experimental in 
scope. 
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